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Introduction
============

Over the past two decades, there has been an increasing interest in the possible link between dental disease, specifically periodontal disease, and cardiovascular disease.[@ref1] Inflammation plays an important role in the pathogenesis of atherosclerosis, and markers of low grade inflammation have been consistently associated with a higher risk of cardiovascular disease.[@ref2] Consequently, contributing factors associated with inflammation and chronic infections, including oral infections such as periodontal disease, have been investigated to explain the relation between dental disease and cardiovascular disease.

Poor oral hygiene is the major cause of periodontal disease, a chronic infection of the tissue surrounding the teeth. It is one of the most common chronic infections and is associated with a moderate systemic inflammatory response,[@ref3] such as raised concentrations of C reactive protein and other inflammatory biomarkers.[@ref4] [@ref5] [@ref6] [@ref7] Systemic inflammation could represent the underlying mechanism that links oral health and cardiovascular disease. Thus, oral infections might add to the inflammatory burden of the individual and result in increased levels of cardiovascular risk based on serum C reactive protein and fibrinogen concentrations as a consequence of the systemic inflammatory response subsequent to low grade chronic infections.[@ref8] C reactive protein and fibrinogen are sensitive markers used to evaluate the inflammatory status of an individual, and the results of prospective longitudinal studies indicate that these markers might be useful predictors for future cardiovascular events in various populations.[@ref9] [@ref10] Preliminary intervention trials showed a significant effect of treatment with systemic antibiotics in reducing systemic inflammatory markers.[@ref11] [@ref12]

Previous smaller epidemiological studies that have examined the association between oral health and cardiovascular disease have generally used clinical assessments to identify periodontal disease. Such assessments might not be feasible in large scale population studies. Self reported measures of oral hygiene have been associated with clinically confirmed periodontal disease.[@ref13] The association between self reported oral hygiene behaviour and incident cardiovascular disease has not been previously examined in a large population study. We investigated whether a single item self reported measure of frequency of toothbrushing (as a proxy of periodontal disease) was associated with risk of cardiovascular disease events in a sample of adults from the Scottish Health Survey. In addition, we examined the association between frequency of toothbrushing and inflammatory markers (C reactive protein and fibrinogen) in a subset of participants.

Methods
=======

Study design and participants
-----------------------------

The Scottish Health Survey is a cross sectional survey (typically every three to five years) that draws a nationally representative sample of the general population living in Scottish households. For the present analysis we combined data from the 1995, 1998, and 2003 surveys in adults aged 35 and older as previously described elsewhere.[@ref14]

Assessment of oral health behaviours and covariates
---------------------------------------------------

Survey interviewers visited eligible households and collected data on demographics and health behaviours (such as smoking, physical activity, and oral health behaviour) and measured height and weight. Physical activity interviews inquired about activity in the four weeks before the interview (1998 and 2003) or during a typical week (1995). Frequency of participation (for at least 20 minutes per occasion) was assessed across three domains of activity: leisure time sports (such as cycling, swimming, running, aerobics, dancing, and ball sports such as football and tennis); walking for any purpose; and domestic physical work (such as heavy housework, home improvement activities, manual and gardening work). The total physical activity frequency score was converted into sex specific thirds of weekly activity episodes. Oral health behaviour was assessed in all survey years from self reported frequency of visits to a dentist (at least once every six months, every one to two years, or rarely/never), and toothbrushing (brushing teeth twice a day, once a day, less than once a day). On a separate visit nurses collected information on medical history and family history of cardiovascular disease, blood pressure, and blood samples from consenting adults. The definition of hypertension was based on a self reported diagnosis from a doctor or a clinic blood pressure reading of \>140/90 mm Hg. Diabetes was based on a doctor's diagnosis. The covariables included in the present study were selected in a pre-specified protocol because they are all well established risk factors for cardiovascular disease.[@ref15] [@ref16] Detailed information on the survey methods can be found elsewhere.[@ref17]

Follow-up for clinical events
-----------------------------

The surveys were linked to a database of hospital admissions and deaths in patients with follow-up until December 2007 (Information Services Division (ISD), Edinburgh). The database has been shown to be 94% accurate and 99% complete when samples of computerised records for cardiovascular disease from the database were compared with the original case notes from patients.[@ref18] Information on deaths was ascertained from the general registrar office for Scotland. Classification of the underlying cause of death is based on information collected on cause of death from the medical certificate together with any additional information provided subsequently by the certifying doctor.

Our primary end point was a composite of fatal and non-fatal cardiovascular disease events. Mortality from cardiovascular causes was coded according to ICD-9 (international classification of diseases, ninth revision) codes 390-459 and ICD-10 (10th revision) codes I01-I99, and non-fatal events included hospital admissions related to cardiovascular disease, incorporating acute myocardial infarction, coronary artery bypass surgery, percutaneous coronary angioplasty, stroke, and heart failure.

Blood analyses
--------------

In a subsample of 4830 participants we collected peripheral blood samples in citrate and serum tubes for the assessment of C reactive protein and fibrinogen. This was optional, and several participants did not consent to having blood taken. Participants who did not consent to blood had poorer health risk profiles with higher body mass index (BMI) and a higher prevalence of hypertension, cardiovascular disease, and smoking. All blood samples were frozen at −70°C until assay. The analysis of C reactive protein concentrations from serum was performed with the N Latex high sensitivity C reactive protein mono-immunoassay on a Behring Nephelometer II analyser. The limit of detection was 0.17 mg/l, and the coefficient of variation was less than 6% for this assay. Fibrinogen concentrations were determined with the Organon Teknika MDA 180 analyser, with a modification of the Clauss thrombin clotting method, with a coefficient of variation of less than 10%. All analyses were carried out in the same laboratory according to standard operating procedures by state registered medical laboratory scientific officers.

Statistical analysis
--------------------

Cox proportional hazards models were used, with months as the time scale, to estimate the risk of cardiovascular disease events or death according to oral hygiene. The data were censored to December 2007 in event-free survivors. Initially, toothbrushing habit was included in the Cox model as a covariate, with adjustment for age and sex. In further multivariate models we adjusted for socioeconomic group using the registrar general classification (professional/intermediate, skilled non-manual, skilled manual, part skilled/unskilled), smoking (never, ex-smoker, current smoker), sex specific thirds of physical activity, frequency of dentist visits (at least once every six months, once every one to two years, rarely or never), BMI (underweight \<18.5, normal weight 18.5-25.0, overweight 25.01-30.0, obese 30.1-40.0, morbidly obese \>40.0), and family history of cardiovascular disease, hypertension, and diabetes. The proportional hazards assumption was examined by comparing the cumulative hazard plots grouped on exposure, although no violations were noted.

We examined the association between frequency of toothbrushing and inflammatory markers (C reactive protein and fibrinogen) using general linear models with adjustments for age, sex, socioeconomic group, smoking, visits to dentist, BMI, family history of cardiovascular disease, hypertension, and diabetes, and acute infections (including influenza, pneumonia, bronchitis, and upper respiratory tract infections in the three weeks before assessment). C reactive protein was log transformed to normalise the data. All analyses were performed with SPSS (version 14), and all tests of significance were based on two sided probability.

Results
=======

We removed from the analyses 3685 participants who were edentulous (no natural teeth) and 386 with existing cardiovascular disease. Participants with missing demographic data (n=204) were also excluded, leaving a final sample size of 11 869 (46.1% men, mean age 50.0 (SD 11.0)). The excluded edentate participants were older and more likely to be women and smokers.

Oral health behaviour was generally good, with about 62% (14 718) of participants reporting regular (at least every six months) visits to a dentist and 71% (8481) reporting good oral hygiene (brushing teeth twice a day). Participants who brushed their teeth less often than twice a day were slightly older, more likely to be men, and of lower social status and had a high prevalence of risk factors including smoking, physical inactivity, obesity, hypertension, and diabetes (table 1)[](#tbl1){ref-type="table"}. Participants from the different survey years were comparable in terms of demographics and risk factors.

###### 

 Characteristics of study population in relation to oral hygiene. Figures are numbers (percentage) unless stated otherwise

  Variable                                        Frequency of toothbrushing   P value for trend                 
  ----------------------------------------------- ---------------------------- ------------------- ------------- ---------
  Mean (SD) age (years)                           49.4 (10.9)                  51.4 (11.4)         50.6 (10.4)   \<0.001
  Men                                             3265 (38.5)                  1744 (61.2)         460 (85.5)    \<0.001
  Professional/intermediate socioeconomic group   3146 (37.1)                  784 (27.5)          89 (16.5)     \<0.001
  Dental visits (rarely)                          1382 (16.3)                  920 (32.3)          336 (62.5)    \<0.001
  Smokers                                         2188 (25.8)                  889 (31.2)          260 (48.5)    \<0.001
  Physical activity (bottom third)                2790 (32.9)                  1134 (39.8)         248 (46.1)    \<0.001
  Obesity\*                                       1602 (18.9)                  778 (27.3)          182 (33.8)    \<0.001
  Hypertension†                                   1848 (21.8)                  789 (27.7)          170 (31.6)    \<0.001
  Diabetes                                        186 (2.2)                    91 (3.2)            36 (6.7)      \<0.001

\*BMI ≥30.

†Defined from self reported doctor's diagnosis or clinic blood pressure reading \>140/90 mm Hg.

There were 555 cardiovascular disease events over an average of 8.1 (SD 3.4) years of follow-up, of which 170 were fatal. In about 74% (411) of cardiovascular disease events the principal diagnosis was coronary heart disease. The mean age of event-free survivors compared with participants with a recorded cardiovascular disease event was 49.6 (SD 10.9) and 57.0 (SD 10.3), respectively (P\<0.001), at baseline. In age and sex adjusted analyses participants reporting poor dental hygiene had an increased risk of cardiovascular disease events and cardiovascular disease death (tables 2 and 3)[](#tbl2){ref-type="table"} [](#tbl3){ref-type="table"}. In further multivariate models the associations were attenuated, although they remained significant in the case of cardiovascular disease events. Participants who reported less frequent toothbrushing had a 70% increased risk of a cardiovascular disease event in fully adjusted models compared with participants who brushed their teeth twice a day. The other independent predictors of cardiovascular disease events included smoking (hazard ratio 2.4, 95% confidence interval 1.9 to 2.9), hypertension (1.7, 1.4 to 2.0), and diabetes (1.9, 1.4 to 2.7).

###### 

 Cox regression models for toothbrushing and cardiovascular disease (CVD) events (fatal and non-fatal combined)

  Toothbrushing       CVD events/total   Hazard ratio (95% CI)                      
  ------------------- ------------------ ----------------------- ------------------ ------------------
  Total               555/11 869         ---                     ---                ---
  Twice a day         308/8481           1.0 (reference)         1.0 (reference)    1.0 (reference)
  Once a day          188/2850           1.4 (1.2 to 1.7)        1.3 (1.1 to 1.5)   1.3 (1.0 to 1.5)
  \<Once a day        59/538             2.3 (1.8 to 3.1)        1.8 (1.3 to 2.4)   1.7 (1.3 to 2.3)
  P value for trend   ---                0.001                   0.001              0.001

\*Adjusted for age, sex, socioeconomic group, smoking, physical activity, and visits to dentist.

†Additionally adjusted for BMI, family history of cardiovascular disease, hypertension (diagnosed by doctor or clinic blood pressure \>140/90 mm Hg), diabetes diagnosed by doctor.

###### 

 Cox regression models for toothbrushing and death from cardiovascular disease (CVD)

  Toothbrushing       Fatal CVD events/total   Hazard ratio (95% CI)                      
  ------------------- ------------------------ ----------------------- ------------------ ------------------
  Total               170/11 869               ---                     ---                ---
  Twice a day         97/8481                  1.0 (reference)         1.0 (reference)    1.0 (reference)
  Once a day          54/2850                  1.2 (0.8 to 1.8)        1.1 (0.8 to 1.5)   1.1 (0.8 to 1.5)
  \<Once a day        19/538                   2.4 (1.5 to 4.0)        1.6 (1.0 to 2.8)   1.5 (0.9 to 2.6)
  P value for trend   ---                      0.003                   0.194              0.345

\*Adjusted for age, sex, socioeconomic group, smoking, physical activity, and visits to dentist.

†Additionally adjusted for BMI, family history of cardiovascular disease, hypertension (diagnosed by doctor or clinic blood pressure \>140/90 mm Hg), diabetes diagnosed by doctor.

As some previous studies have suggested effect modification by age, sex, and smoking status in relation to oral health and cardiovascular disease,[@ref19] we performed various sensitivity analyses. There were no clear sex differences in our results; the age adjusted hazard ratio for cardiovascular disease events in relation to toothbrushing less than once a day was 2.2 (1.6 to 3.1) in men and 3.6 (1.7 to 7.7) in women. There was also no difference by age; the age/sex adjusted hazard ratio was 2.7 (1.4 to 5.4) in participants aged 65 or above compared with 2.2 (1.6 to 3.0) in those aged less than 65. There were no differences between smokers (2.0, 1.3 to 3.0) and those who had never smoked (2.0, 1.1 to 3.6).

There were significant associations between frequency of toothbrushing and markers of low grade systemic inflammation (table 4)[](#tbl4){ref-type="table"}. Participants who brushed their teeth less often had increased concentrations of both C reactive protein and fibrinogen. These associations remained significant after multiple adjustments. In the subsample of participants with available biological data we re-ran the survival analyses to examine if the association between toothbrushing and cardiovascular disease was weakened by the inclusion of inflammatory markers (see appendix on bmj.com). In these analyses there were 161 cardiovascular disease events and the age and sex adjusted associations were similar compared with the main sample. The introduction of C reactive protein and fibrinogen did partly attenuate the point estimates, thus suggesting a possible mediating role.

###### 

 Adjusted regression coefficients (95% CI) of toothbrushing on inflammatory markers (n=4830)

                      C reactive protein                         Fibrinogen                                                   
  ------------------- -------------------- --------------------- --------------------- -- ------------- --------------------- ----------------------
  Twice a day         3.07 (6.41)          Reference             Reference                2.86 (0.70)   Reference             Reference
  Once a day          3.51 (6.55)          0.04 (0.02 to 0.06)   0.02 (0.00 to 0.04)      2.95 (0.71)   0.11 (0.06 to 0.15)   0.06 (0.02 to 0.11)
  \<Once a day        4.18 (6.95)          0.09 (0.06 to 0.13)   0.04 (0.01 to 0.08)      2.98 (0.77)   0.22 (0.12 to 0.32)   0.08 (−0.01 to 0.18)
  P value for trend   ---                  \<0.001               0.046                    ---           \<0.001               0.015

\*Regression coefficients represent log transformed values.

†Adjusted for age, sex, socioeconomic group, smoking, BMI, family history of cardiovascular disease, hypertension (diagnosed by doctor or clinic blood pressure \>140/90 mm Hg), diabetes diagnosed by doctor, visits to dentist, acute infections (including influenza, pneumonia, bronchitis, and upper respiratory tract infections).

Discussion
==========

Toothbrushing is associated with cardiovascular disease, even after adjustment for age, sex, socioeconomic group, smoking, visits to dentist, BMI, family history of cardiovascular disease, hypertension, and diagnosis of diabetes. Our results largely confirm those of previous studies.[@ref20] [@ref21] We examined the association between toothbrushing behaviour and cardiovascular disease and whether markers of low grade inflammation/coagulation were associated with low frequency of toothbrushing. Our results also suggest that toothbrushing is associated with concentrations of C reactive protein and fibrinogen. To the best of our knowledge, this is the first study to show an association between a single item self reported measure of toothbrushing and incident cardiovascular disease in a large representative sample of adults without overt cardiovascular disease. As self reported measures of oral hygiene have been associated with clinically confirmed periodontal disease,[@ref13] a simple self report measure of toothbrushing could therefore be associated with future risk for cardiovascular disease.

Oral health and cardiovascular disease
--------------------------------------

The role of oral health in the aetiology of cardiovascular disease has received considerable attention. Periodontal disease is a complex chronic inflammatory disease, resulting in a loss of connective tissue and bone support of the teeth.[@ref22] It is a major cause of tooth loss in adults aged over 40, and, according to the World Health Organization, affects people worldwide at prevalence rates of up to 10-20% for the most severe forms.[@ref23] Periodontal disease is highly prevalent, especially in late middle age when coronary artery disease is also most common,[@ref24] and it is caused mostly by poor oral hygiene.

In our study, participants who brushed their teeth less often had a 70% increased risk of a cardiovascular disease event in fully adjusted models. These results confirm findings from several observational epidemiological studies that showed that poor periodontal health status is associated with an increased risk of cardiovascular disease.[@ref1] In a study of 15 year follow-up data from the First National Health and Nutritional Examination Survey (NHANES I) Epidemiologic Follow-up Study, DeStefano et al found that people with periodontal disease had a 25% increased risk for coronary heart disease relative to those with minimal periodontal disease, after adjustment for age, sex, race, education, poverty index, marital status, systolic blood pressure, total cholesterol concentration, diabetes, BMI, and alcohol consumption.[@ref25] In a longitudinal study, Beck et al found that the odds ratios were 1.5 for total coronary heart disease and 1.9 for fatal coronary heart disease among people with periodontal bone loss compared with those without bone loss, after adjustment for several risk factors for cardiovascular disease.[@ref26]

One meta-analysis concluded that periodontal disease and poor oral health overall indeed contribute to the pathogenesis of cardiovascular disease.[@ref27] Another meta-analysis, by Bahekar et al, confirmed that having periodontal disease might enhance the risk for cardiovascular disease but concluded that this risk was not robust.[@ref20]

Periodontal disease seems to be associated with a 19% increase in the risk of future cardiovascular disease. This increase in relative risk is more prominent (44%) in people aged under 65. The increment of risk between people with or without periodontal disease in the general population is modest, at around 20%, because nearly 40% of the population have periodontal disease. This modest increase might, however, have a profound public health impact.[@ref28]

In our study, less frequent toothbrushing was associated with increased concentrations of both C reactive protein and fibrinogen, and these associations remained significant after multiple adjustments including acute infections such as influenza. The work on serum markers of inflammation in both cardiovascular and periodontal research is extensive. The literature clearly shows that raised pro-inflammatory cytokines are present in both cardiovascular disease and periodontal disease. As a result, accumulating evidence has associated severe periodontal disease with increased odds of future cardiovascular disease events.[@ref3] Our study suggests a possible role of poor oral hygiene in the risk of cardiovascular disease via systemic inflammation. Raised inflammatory and homoeostatic responses as well as lipid metabolism disturbance caused by periodontal infection might be possible pathways underlying the observed association between periodontal disease and the increased risk for cardiovascular disease.[@ref29] Few studies, however, have examined these potential pathways. If these biological mechanisms are responsible for a slight increase in the risk of cardiovascular disease, better controlled and larger studies will be needed to identify them. Such efforts would be important because of the relatively high prevalence of periodontal disease.

Strengths and limitations
-------------------------

The Scottish Health Survey is nationally representative, with a rigorous design and data linked to a patient based database of hospital admissions and deaths with follow-up. The Scottish population is relatively homogeneous, with a high incidence of cardiovascular disease and poor indicators of oral health, thus our findings have high relevance to this population.

Though clinical data regarding the periodontal disease status of the participants might have strengthened our findings, previous research has also shown a good correlation between self report and clinical evaluation of periodontal disease.[@ref13] We had no follow-up data on toothbrushing behaviour. There is, however, evidence showing stability of oral health related behaviour such as toothbrushing and dental flossing,[@ref30] thus small changes in oral health behaviour are unlikely to affect the present findings. Both residual confounding and potential influence of effect modifiers could be responsible for a substantial attenuation of the relative risk in fully adjusted models. In addition, misclassification of both the exposure and the outcome could have played a role.

Conclusions
-----------

Our results confirmed and further strengthened the suggested association between oral hygiene and the risk of cardiovascular disease. Furthermore, inflammatory markers were significantly associated with poor oral health behaviour. Future experimental studies will be needed to confirm whether the observed association between oral health behaviour and cardiovascular disease is in fact causal or merely a risk marker. Nevertheless, use of a simple one item measure of self reported toothbrushing could be a useful and cost effective marker of future health risk in large scale population studies.

Given the high prevalence of oral infections in the population, doctors should be alert to the possible oral source of an increased inflammatory burden. In addition, educating patients in improving personal oral hygiene is beneficial to their oral health regardless of the relation with systemic disease.

### What is already known on this topic

1.  There is a link between cardiovascular disease and periodontal disease

2.  Poor oral hygiene is associated with periodontal disease, a common chronic inflammatory condition

### What this study adds

1.  These results confirm and further strengthen the suggested association between oral hygiene and the risk of cardiovascular disease

2.  Inflammatory markers are significantly associated with poor oral health behaviour
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